Once a year during the festival of Sun-Moon Lake in Nan-Tou County, Taiwan, a long-distance swimming mass gathering (LDSMG) event takes place. This event, in which participants swim an estimated 30 km, is very popular; the total number of spectators and participants at the 2002 festival was 15,189. This study, the first pertaining to the LDSMG, aimed to review the effect of the environmental factors at this particular mass gathering event, with mass being defined here as more than 1,000 people, upon the event's patient presentation rate (PPR). This was done to provide improved medical services at this event in future years The study also aimed to collect patient data from the two medical stations (one upstream and one downstream) and analyze the differences between them. In 2002, the number of patients requiring first aid treatment was determined from data gathered on-site. A total of 63 presented at on-site medical stations (PPR, 4.15 per 1,000 attendees), where 14 patients presented to a downstream medical station and 49 to an upstream medical station. The mean age of the patients was 35.46 ± 15.14 years; ages ranged from 1 to 65 years. Forty-nine of the patients (78%) were male. Fifty-nine patients were treated with medication (3.88 per 1,000 attendees), and two were taken to hospital (0.13 per 1,000 attendees). Injuries sustained included trauma (71%), such as impact, fall, sprain, stabbed laceration and burn, hypothermia (5%), and foreign bodies (3%). The PPR at the LDSMG was related to factors including the presence or absence of seating, whether the event was outdoors or indoors, mobility of the crowd, whether the activity was contained within a boundary, attendance figures, and humidity level. The weather, particularly the relative humidity (81%), was also positively correlated with an increase in the number of presentations at the medical stations.
Introduction
Mass gatherings (MGs) are characterized by large crowds of people attending an event. To qualify as an MG, the crowd should exceed 1,000 persons [1] [2] [3] [4] [5] [6] , although others have argued that the number that should be exceeded is 25,000 before an event is an MG 4 . Such events are increasingly common worldwide.
MG medical care (MGMC) is concerned with the provision of emergency medical treatment at these organized events. However, the provision and delivery of such treatment can be poor because of our lack of understanding of the resources needed [1] [2] [3] [4] [5] [6] . MGMC is an underresearched and under-discussed area.
MASS GATHERING EMERGENCY MEDICINE: A REVIEW OF THE TAIWAN EXPERIENCE OF LONG-DISTANCE SWIMMING ACROSS SUN-MOON LAKE
A study by Mears and Batson 7 has addressed the importance of enforcing emergency medical services (EMS) planning and training to resolve existing problems with MGMC. The primary cause of these problems is a combination of the high degree of environmental variability that exists between different MG events, and the minimal epidemiologic data that is available [8] [9] [10] .
Millions of people attend MG events every year in the United States 1, 11 . Whilst most of the medical services needed at these events are for the treatment of relatively minor injuries and ailments, it is, nevertheless, important that the EMS are equipped and prepared to deal with any sudden life-threatening conditions effectively, should they arise. The main problem for MGMC providers has been the lack of any standard practice guidelines 2, 3 .
The many variables associated with MG events have made the implementation of plans and guidelines very difficult, and many of the sources that offer such plans and guidelines conflict 2, 12, 13 . Variables at MG events that could feasibly influence the MGMC requirements of a given event include: (1) the weather (temperature and humidity); (2) the duration of the event; (3) whether the event is predominantly outdoors or indoors; (4) whether the spectators and participants are predominantly seated or mobile within the venue; (5) whether the event is bounded (fenced or contained) or unbounded; (6) the type of event; (7) the total number of people and crowd density; and (8) the placement of the medical station(s) at the venue 14 .
Appropriate emergency medical care becomes ever more necessary with the increasing frequency of MGMC 3, 15 . The incidence of illness and injury at such events remains higher than that found in populations of similar size which are not gathered 16 .
MGs in Taiwan
The swimming festival of Sun-Moon Lake is held by the government of Nan-Tou County in Taiwan. Sun-Moon Lake is estimated to be over 30 km across (Figure 1 ). Attendance at the festival increases significantly each year. In 2002, the total number of spectators and participants was 15, 198 (Figure 2 ). Nan-Tou is an area that lacks medical resources. There are only two mid-sized 300-bed hospitals in the county. The shortest time in which citizens can expect an ambulance to transport them from Sun-Moon Lake to the hospital is 40 minutes.
Sun-Moon Lake is in mountainous terrain, which is a considerable distance from urban areas, and is hard to access, both in terms of traffic and communication. The area lacks water, power, food supplies, and shelter. Therefore, MGMC is a major concern of this festival.
No previous research has specifically addressed the EMS at MG long-distance swimming events across Sun-Moon Lake. Providing an adequate medical service for this event represents a significant challenge. The risk of injury increases with the number of participants and the intensity of activity around the lake during the event. In previous years, EMS for this large-scale event was not taken seriously by the sponsors, who did not believe that there were any serious risks involved. However, the importance of medical aid services for this event has been taken more seriously since some swimmers died in 1997. The Health Bureau in Taiwan had previously intended to address the issue of health care in this region, in view of the Health Bureau's plan to double the number of tourists to the area over the next few years. However, considering the evident effects of the increasing number of participants in the lake swim, this is a matter that urgently needs to be resolved. An MGMC needs to provide on-site event medical care and preserve the abilities of the EMS system to provide its services 17 . On-site medical care includes rapid access to the patient, triage, stabilization, and transport without delay to definitive care, as well as treatment of minor injuries and illnesses 5, 16, 18 . The other purpose of MGMC is to respond to an emergency situation, such as sudden cardiac arrest, as soon as possible. Correct triage between minor complaints and serious injuries are necessary to determine the need for advanced treatment or transport to an appropriate location. The functional aim for the local EMS is to have on-going access when MG events are taking place. The local EMS also provides extra help and part-time personnel for medical care required at a large event 19, 20 .
It has been reported previously that the workload of the EMS is reduced when physicians are on scene to react at MG events 14, 21, 22 . Physicians are becoming more important in the planning and implementation the medical service. In addition, the data collected and accumulated from similar types of events allows appropriate preparedness.
The goal of this research was to collect data on various environmental factors at the Sun-Moon Lake festival and on the accidents and ailments dealt with by MGMC, and to determine any correlation between the two. Another goal was to provide enough information relevant to this specific event for proper planning of MGMC practices and resources in order to deal most effectively with the medical issues that may occur.
Literature Review
In 1991, Hnatow and Gordon 23 reviewed the 1987 San Antonio Papal Mass and thus applied a useful critical approach to the analysis of an MG. First, they clearly articulated the purposes of the services provided, identified the lack of reliable tools for predicting patient presentation rates (PPRs), and considered the environment in which the event occurred. They then attempted to estimate the crowd size and medical services and staff specifically required for the event. In 1997, De Lorenzo 4 published a paper that challenged researchers to address the key issues in the provision of an effective medical service during MG events. In this review, De Lorenzo noted the absence of uniform service standards and the wide variations in casualty rates for similar events. The factors that appeared to explain this wide variation between events included event type, weather, and differences in the data collection techniques employed.
De Lorenzo 4 highlighted the principal goals of MGMC as: (1) establishing rapid access to injured or ill patients, and providing triage; (2) providing effective and timely stabilization of and transport to hospital for seriously injured or acutely ill patients; and (3) providing on-site care for minor injuries and illnesses.
In the same year, Michael and Barbera 17 reviewed 25 cases that had been published over the preceding 25 years on the provision of medical care at MGs. They found that variations in the effectiveness of MGMC systems were related to the type of event, the country, the weather, and the size of the gathering. Previous studies demonstrated a significant effect of environmental factors on casualty presentations 23, 24 . In addition, the authors identified the need for a standard classification scheme that would allow an early analysis of the causative relationships between the features of a specific MG and the type and number of presentations, thus allowing medical personnel to predict the requirements of an effective service at any given event. They suggested that the collection of data from individual events could provide the basis for prediction of PPR across different types of events and different venues. The authors defined MG events as focused or extended, and bounded or unbounded. If an event was held in a clearly defined venue/location, then it was classed as focused. Events not focused in a single location, such as marathons and parades, were classed as extended. An event was described as bounded when it was contained within a boundary, often fenced. Conversely, events that were not contained in this way were described as unbounded. It was noted that bounded events could be expected to have a higher PPR, with a particular likelihood of a higher incidence of minor illnesses and injuries. This may be because first aid and medical services are often more visible in such a setting and there is less likelihood of patients going to nearby medical facilities.
The majority of MG events in the studies reviewed were bounded/focused or unbounded/extended events. In all samples of MG events, respiratory illnesses, minor injuries, heat-related injuries, and minor problems such as headaches, blisters and sunburn comprised 75% of patient presentations 25 . Among those patients who required acute intervention, asthma was the most common complaint. Outdoor events produced a higher incidence of environment-related injuries, such as abrasion, contusion, laceration, and sunburn. Crowd mood events, such as rock concerts, which attract large numbers of young people, were associated with a greater number of medical problems arising from alcohol and drug use. Exhausting events can induce sudden cardiac arrests, although this occurs relatively infrequently (1 per 500,000 at Australian rules football); therefore, onsite cardiac resuscitation and defibrillation is considered important and can improve patient survival rates 26 . The reviews of Michael and Barbera 17 have addressed the relationship(s) between the previously identified environmental factors and PPR by demonstrating the requirements for first aid care at major public events. The environmental factor found by these authors to have the greatest effect on patient load was crowd size. Bowdish et al. 27 has proposed a model to explain the differences that occur in PPRs in MGs of analogous size, based on the parameters of weather, alcohol use, availability of medical care, the nature of the event, injury or illness type, crowd mood, and the average age of the participants/spectators/audience. Transportation of patients from on-site medical stations to local hospitals requires a ground ambulance (or, occasionally, an air ambulance), and the difficulties associated with both vehicular and pedestrian traffic congestion at large gatherings may require standby ambulances located at the event to travel out. Transportation to hospital rates (number of patients transported to hospital per 1,000 persons in attendance; TTHR) were found to range from 0.01 to 0.55. This correlated with the rate at which medical or first aid services were used by patients, which varied from 1.6% to 26.7% 25 .
Before the swimming festival of Sun-Moon Lake, course preparations and risk assessments are undertaken by the organizers. The organizers ensure that the competitors are not placed in any danger as a result of the location or condition of the water.
There are a number of factors that need to be considered and documented, including the area used for an MG swimming event. These include its location, the water conditions, and whether it is to be a sea, lake or river swim. The organizers should assess the condition and proximity of the start and finish points, evaluate water temperature, consider potential currents, and steer the intended route away from any hidden, overhanging or underwater hazards.
Access to the area and an on-scene medical station are very important, as this will determine not only how each event should take place, but also, in the event of an emergency, how the EMS would gain access to the start and finish areas, and to the course. The course design should aim to create minimal congestion at the race start, and the start and finish areas should be clearly defined. The start must be wide enough for the proposed number of participants to make a safe start, free from interference from others. The finish area should be marked so that there is no confusion as to exactly when the course is completed.
The actual swim course should be marked with buoys that are clearly visible in the water. Turn buoys should be at least 1.5-2 meters high in the water. All markers should be fixed so that they will not move in the prevailing water conditions or at turn of the tide. A lead boat or canoe may be required for the leading swimmer. Swimmers should be required to wear a numbered, brightly colored swim vest.
There is a lack of standardized guidelines for the provision of medical services at MGs 4 , and there have been few published works on general standards for patient care services at such gatherings. Despite the fact that some guidelines are official legislation, they are still used extensively [28] [29] [30] [31] . This medical workload has been noted in the few studies reviewed here on the delivery of patient care services at MGs 32 .
The study by Arbon et al 33 . has provided a method for predicting the medical care requirements at any given MG based on information gathered from a range of such events. This method appears to be an accurate means of making these predictions 33 . However, the predictability is restricted to 1 day. Arbon et al. 33 found that the predictions of patient presentations were more accurate when the data were reviewed and collected retrospectively and more completely after the specific events. In addition, individual variability is very eventspecific 33 . A regression analysis was used for organizers to develop models that would support the prediction of PPRs and TTHRs at future events. The TTHR and PPR are examples of an emerging common language 26, 33, 34 .
The key features of casualties in terms of rate and type of presentation have been considered for a range of severities of patient presentations. As the literature has shown, respiratory illnesses, minor injuries, heat-related injuries, and minor problems such as headaches, blisters and sunburn make up 80% of the casualties 33 . An MG study in Australia found that asthma attacks (3%) were the most common complaint among those requiring acute interventions 33 . Outdoor events appear to bring more environment-related injuries such as lacerations, contusions, and sunburn. As Wassertheil et al. 35 have shown, crowd events such as rock concerts that attract young people lead to more alcohol-and drugrelated problems. Cardiac arrest presentations occurred very rarely in a study on Australian rules football events. Nevertheless, on-site resuscitation and early defibrillation are important when such attacks do occur and can improve patient survival rates 35 . Differences in patient presentations appear to be associated more closely with key features of events, such as weather and the nature of the activity 35 .
Materials and Methods
Safety craft and/or canoes must be provided. Personnel should be assigned to water safety at a ratio of one to every 20 competitors. Emergency exit points should be marked where swimmers can leave the water. Organizers should consider shortening or canceling a swim if the water temperature falls below 16 o C. Excessive water flow or wave conditions should also contribute to any decision of this kind, as should deterioration in weather conditions. The water or air temperature, and the humidity should be recorded as a routine aspect of the regular rules at the start. For all swim events, alternative plans should be made in case environmental factors make the swim unsafe, forcing it to be cancelled or curtailed. The maximum safe number of swimmers in the water at any one time should be determined.
In addition, safety craft should be employed carrying first aid and warming facilities. Even when the water temperature and air conditions are good, it is advisable to have additional resources at the swim exit. As several factors have been found to influence the number and type of patients presenting at MGs, this study was designed to gather data on several of the environmental factors that are considered significant influences on PPR and THR. This prospective study collected the details of casualties presenting along with other variables such as crowd age, profile, temperature, humidity, the number of patients transported to hospital, and the qualifications and number of medical personnel. The method of study was developed to incorporate data from the first aid transportation service to local hospital emergency rooms, and from those personnel providing essential on-site treatment. This information was collected by a survey, administered to these personnel on the medical details of accidents at the MG event studied.
The medical service records listed the patient's basic information, the time of attendance, the triage level, vital signs, the location of wounds, the mode of injury, the chief complaint, the final diagnosis, the treatment or medications administered at the scene, and details of transportation to hospital, a clinic, or home. The staff were well-trained and skillful. They were responsible for the whole organization and for whoever was present on-site, for cooperation between the medical stations, for communication with the other MG organizations, and for treating injuries. The enrolled patients were from the total participants, spectators, local residents, and staff at the event. No age limit was set for patients on whom data was collected.
On the day of the event, the two medical stations were set up on land to rescue any participants in emergency situations; one was located near the start and was staffed by personnel from Puli Veterans Hospital of Taiwan, which provided eight medical aid personnel and one ambulance. The other medical station was located in an upstream position and was staffed by personnel from Puli Christian Hospital, which provided 11 medical aid personnel and one well-equipped ambulance. Long-and short-distance wireless medical service communication was established and there was longdistance fax communication on-scene. In addition, there were several lifeguards in the aquatic medical main terminal in front of the upstream station, and these were provided by the Red Cross Society of the Republic of China. All medical personnel at both sites completed the survey. Approximately every 100-200 meters along the swim course, there was an aquatic first-aid station to enable contact with the medical service in an emergency. The water transport equipment included an aquatic skiff and a medium-sized lifeboat to pick up urgent or sick cases. There was also a large-scale transportation craft that went back and forth to pick up swimmers who wanted to give up or were exhausted. The MG activity took place from 7:00 am to 3:00 pm. 
Results
In total, data was collected on 15,198 event participants. The climate temperature was 32°C, and the water temperature was 22°C. The humidity on the day of the event was 81%. During the period that the two medical stations were in operation (from 7:10 am to 13:10 pm), 63 patients were treated. The patient data are presented in Table 1 . Patients comprised 54 swimmers, three spectators including families, two members of event staff, two members of medical staff, one local resident, and one unidentified person. Of these, 49 were male and 14 female. Of the 63 patients, one patient (2%) was classified into triage level 1, with fatigue resulting in near drowning and rescue, and was treated at the upstream medical station at 13:02. Seven patients (11%) were level 2, 16 (25%) were level 3, and 39 (62%) were level 4. There were few severe cases in these patients and none died ( Table 2 ). The average age was 35.46 ± 15.14 years (range, 1-65 years). There were larger numbers of young adults rather than children or elderly participants ( Figure 3 ). The total PPR was 4.15 per 1,000 participants. There were 14 patients (22%; PPR, 0.92) treated at the start (or downstream) medical station and 49 (78%; PPR, 3.23) at the upstream medical station. Of the 63 patients, 59 required further medical resources and treatment, such as iodine sterilization, a dressing package or splinting immobilization. Both the PPR and their medical utilization rate were higher in the upstream medical station compared with the start medical station ( Table 3) . Among the 14 patients at the start medical station, two patients were advised not to go in the water. One patient with a cardiovascular history was seen at 7:10 am, and had upper abdominal pain before entering the water, which subsided after a dose of antacid. Another patient, who was seen at 7:30 am, had experienced an accident resulting in a puncture wound to the head. This patient was treated with an iodine wipe. The PPR per 1,000 attendees was highest during the noon period (11:00-12:00) ( Figure 4 ). The types of wound and sickness, in order of frequency, were abrasion (n = 32; 51%), contusion (n = 7; 11%), laceration (n = 10; 16%), abdominal pain (n = 3; 5%), chill (n = 6; 10%), headache (n = 1; 2%), and near drowning with altered consciousness (n = 1; 2%). There were significant minor traumas in these patients ( Table 4 ). The three most common mechanisms of injury in order of frequency were impact (n = 31; 49%), fall (n = 8; 13%), and conjunctivitis (n = 4; 6%) ( Table 5 ). The extremities of the legs were noted as the body part most frequently injured (n = 16; 25%) ( Table  6 ). Among the 39 patients who had body temperature measured, five were hypothermic, as defined by a body temperature of less than 34°C. No cases of fever were noted in these patients (Table 7) . Although most patients did not have blood pressure measured, one patient was found to be in shock following a complaint of abdominal pain at the upstream medical station at 9:50 am. Blood pressure was recorded as 72/57 mmHg. The patient received no medical treatment and went home after a period of observation.
The top three most frequent treatments were wound sterilization with alcohol wipes (n = 38; 60%), homeostasis or bandage (n = 16; 25%), and medicinal ointment or eye drops (n = 12; 19%). Nonsteroidal anti-inflammatories or antibiotics were given depending on the patient's requirements (Table 8) .
Five patients were referred to hospital services, three for a tetanus injection, one for a large laceration to the lower leg, and one for admission and close observation. Of these, two were transported by ambulance and three were taken by their family. All were forbidden to continue participating in the swimming event.
Discussion
Regional emergency medical communication systems affect medical treatment activities at MGs corresponding to the scale of activity and medical resources available. The presence of these communication systems was highly respected in distant areas, especially those with inadequate medical resources.
As noted in the literature, the skill of medical personnel attending MGs has been found to be highly variable. At this event, patient-care providers included 19 with basic first aid (76%), two ambulance officers (8%), and four medical officers (16%). The existing literature has suggested that patient presentations at MGs are influenced by several environmental factors. Crowd size has been found to be an important contributor to the number of patients presenting to first aid and medical services 27 . A positive relationship between crowd size and the number of patients who presented for treatment was shown in the current study. At an event, the expected attendance is a relatively strong predictor of the number of patients presenting who may require treatment 36 . As the crowd size increases, the number of presentations also increases 3, 6, 12, 13, [36] [37] [38] [39] [40] [41] [42] [43] [44] . However, the PPR appears to reduce slightly in crowds larger than 1 million. It is important for organizers to evaluate the crowd size closely and predict the possibility of PPR correctly, in order to prepare sufficient first aid and emergency personnel for handling the likely number of patient presentations at a particular MG. In addition, several anecdotal reports and retrospective reviews have suggested that possible danger and increased morbidity result from inaccurate predictions of attendance [45] [46] [47] . Different kinds of MGMC have different risks according to the number of patient presentations and the number of patients transported to hospital 33 .
The bounded/focused type of MG is the most common of all four types of MG, up to 92.5%. In this MG, 2.4% of patients will be transported to hospital. PPR at the unbounded/extended type of MG is 6.8%, with 7.7% of patients transported to hospital. PPR at the bounded/ extended type of MG is 0.1%, with 33.3% transported to hospital. PPR at the unbounded/focused type of MG is the lowest of all four types of MG, up to 0.4%, with no patients transported to hospital. It is difficult to provide exact definitions of the event categories for the Sun-Moon Lake long-distance swimming festival. This activity is not clearly held in a restricted area but is bounded by the edge of the lake. However, a specific track is enclosed for participants. Event type is an important MG variable, and there are distinctive aspects inherent in each type. In addition to event type, several other important variables should be considered, including whether the event is indoors or outdoors and whether there is assigned seating 16 . Without shade, outdoor events can lead to exposure, sunburn, and other environment-related injuries 3, 12, 41, 47 . On wet, cold or rainy days, spectators may be exposed at outdoor events, leading to possible hypothermia and the risk of slipping and falling 41 . If any participant fails to complete the course by the cutoff time, they should be removed from the water. The cut-off time will be dependent on water conditions, weather conditions, air temperature, and the length of the swim. Milsten et al. 14 have indicated that on-site medical assistants must do their best to shorten the time taken to reach the patient, facilitate triage and stabilize the patient, and must avoid any delay to initiation of vital treatment. EMS, by establishing fixed, effective procedures for the treatment of mild injuries or illness at MG events, will also reduce the burden on local medical facilities 21, 22 .
PPRs differ significantly between the categories of bounded/focused and unbounded/extended events. Bounded/focused events have been published with a PPR of 1.264 patients per 1,000 attendees, and patients in this category with a TTHR of 0.03 patients per 1,000 attendees. In general, events included in this category are stadium-based sporting events, including football, concerts and fairs. In contrast, unbounded/extended events have been reported with a PPR of 0.266 per 1,000 attendees, and a TTHR of 0.02 persons transported per 1,000 attendees. These events are usually parades, fun runs, and other races 27 . Environmental factors play an important part in the PPR of MGMC. The heat and humidity at the event studied were the two key issues most likely to influence illness. Hot weather can lead to dehydration and heat-related illnesses, whereas cold weather can lead to hypothermia and frostbite 3, 41, 43, 46, 48 . Arbon et al. 33 reported their highest PPR when the weather was at a peak of 25°C. PPR also increases progressively with humidity in the range of 21% to 81%. There have been many previous case reports on the effects of hot weather on persons at MG events 45, 46, 49 . There have been numerous case reports of heat-related illness during concerts 19, 20, 50 . Heat-related illness may explain why more patients were seen during the noon period than at other times in the present study. Cold weather events generally seem to generate lower casualty rates 4, 51, 52 . Hypothermia will be more likely at events with water (i.e., swim meets) or rain, or where alcohol is used by the participants 3, 53 .
When events occur at a predetermined location, anticipated attendance can be determined based on previous events; however, prediction of crowd size for one-off events has been chaotic and inaccurate in the past 4, 43 . In our study, the numbers of patients was higher than predicted (63 vs. 30). The prediction was based on similar MG events, including the outdoor, bounded, sporting events with no seating (Table 9 ). This may have been because of specific factors corresponding to the environment, such as swimming-related illness or lake-related injury. These are, to date, not well-recognized causes of patient presentation in this category of events. Humidity has a consistent effect on the number of patient presentations 36 . Eight patients at the Sun-Moon Lake event presented with injuries caused by falls that may have been partly attributable to humidity. The second possible reason for the PPR being higher than predicted in the specific environment of this event may be the increased risk of hypothermia caused by prolonged immersion in the lake.
The total number of spectators attending the event in the research sample was 15,189. The total number of patients evaluated was 63. Of these patients, five required subsequent transportation to hospital for further treatment. The PPR was 4.15 patients per 1,000 attendees at the event. In previous reports, PPRs have varied significantly, with values ranging from 0.14 to 90.0, although most reported events showed a PPR range from 0.5 to 2.0 per 1,000 attendees 27 . The highest PPR has been noted for events such as one-off outdoor rock festivals (26.85 patients per 1,000 attendees), and the lowest rate reported was at an indoor rally event (0 patients per 1,000 attendees). In our study, the actual number of patients was apparently close to that estimated (2 vs. 2.18) from the similar MG events that were bounded with no seating ( Table 10 ). The TTHR in our study was 0.13 per 1,000 attendees. Previously reported TTHRs have ranged between 0.01 and 0.55 per 1,000 attendees.
Events at which individuals are mainly seated, such as large stadium events, generally result in a significantly lower PPR. If spectators are moving, they appear more liable to experience injury. Minor injuries (cuts, abrasions, contusion, sprains) and less severe complaints (e.g., headaches, sunburn, blisters) can account for 77% of the total patient presentations at this kind of moving event. Several conditions can worsen heat-related illnesses, including dehydration, fever, infection, lack of recent heat exposure, insufficient training, alcohol abuse, sunburn, lack of sleep, excessive clothing, and diarrhea or vomiting 54 . The lake festival is health-oriented and there are no age limits; however, it is only open to groups. The event is scheduled on a Sunday each year, and takes place either before or after the mid-autumn festival, because the water or air temperature at that time is most suitable. The characteristics of the activity are important to the participants. Although two persons were warned of their health issues, they insisted on continuing the course.
There has never been any discussion about setting up medical stations along the waterfront for this kind of MGs. This may be due to the lack of experience to evaluate the possibility of injury occurring after players enter the water. Immediate help was needed in the case of the individual that was drowning. Significantly, the PPR was three times higher at the endpoint (the upstream station) compared with the departure point (3.23 vs. 0.92 per 1,000, respectively). The highest medical usage rate has been reviewed, especially for outdoor events with mobile spectators, a crowd size of less than 30,000, and for sites with seated patrons 55 . Some authors have found that the medical usage rate can be predicted based on the estimated crowd size 40, 56 . It has also been noted that the medical usage rate can be predicted roughly based only on crowd size and the duration of the event 16 .
The data suggests that during the Sun-Moon Lake festival, the upstream medical station needs to be the better equipped and staffed of the two stations. The reason for this is not only the higher rate of injuries sustained in this area but also the higher rate of medical resources utilized. Emergency care at events has to base on a good relationship with the regional hospital 33 ; † = 1 when the event has a nonmobile population (i.e., attendees are seated), and = 0 when the population is mobile; ‡ = 1 when the event is fenced/bound, and = 0 when the event is unbound; § = 1 when the event is indoors, and = 0 when the event is outdoors; = 1 when the event is outdoors, and = 0 when the event is indoors; events that are both indoor and outdoor record a 1 for "Indoor" and a 1 for "Outdoor"; ¶ = 1, for all sporting events, and = 0, for all nonsporting events responsible for the local emergency service, with an emphasis on the assurance of integrity and quality of medical care, especially in cases such as infection. Safety issues, such as anti-terrorism measures, should be taken into account in all medical measures. It is a major challenge holding an MG activity at a site that lacks local medical resources, such as the Sun-Moon Lake festival. The main problem encountered during the event consisted of a transfer called off by a patient because transportation would take 4 hours, despite the large wound in question. The type of event will determine the approximate age range of those attending, while location characteristics will determine physical barriers to medical care 12 . Therefore, the setup of provisional surgery outpatient clinics should be considered in order to provide complete treatment in cases of wound infection. On-site treatment with drug applications currently includes iodine, ointment and bandages, but invasive procedures are rarely possible.
Sun-Moon Lake festival also suffers from poor communication links. This is exacerbated by network overload created by large numbers of attendees using their mobile phones simultaneously.
Body temperature during a swimming event is roughly related to the swim duration and speed, yet this could not be evaluated because the time that each participant began was not available to determine the duration in the water or the reasons for low body temperature from the medical history. A case of shock seen at the event was caused by a person swimming too fast, which led to exhaustion. The host of the event should, therefore, emphasize that the event is not intended to be a competition to avoid potential medical problems caused by participants pushing themselves too hard. A further danger of such events is that the use of certain medications, such as anticholinergics, sympathomimetics and neuroleptics, can lead to higher morbidity. Increased temperature (at the time of the event) increases the medical usage rate of these kinds of medications 40 .
The majority of the evidence obtained from this study suggests that planners would benefit from using the classification system by Sanders et al. 5 to assist their event planning. Sanders et al. found that seated events are often of shorter duration (< 6 hours) than mobile events (> 1 day) 5 . The duration of an event is a further variable that is important in the determination of PPRs [3] [4] [5] 7, 16, 17, 37, 39, 42, 43, 55, 57, 58 . Hypothermia can occur in relatively warm water, particularly in weaker swimmers. A cut-off time for the swim should be agreed with the race official/referee prior to the event 21, 22 .
Recommendations for the Sun-Moon Lake Festival
Based on the data collected in this study, several recommendations can be made to improve the medical care provided at the Sun-Moon Lake festival. Firstly, medical station doctors should be assigned the role of referee. Individuals participating in the swimming activity should be encouraged to consider their own safety with medical stations serving only a first aid function. The suturing of wounds could possibly be performed on-site with the erection of a temporary clinic. The starting area should be equipped with a buffer area to allow swimmers to adapt their body temperature. Boats in the reef area of the upstream part of the lake should be equipped to reduce the likelihood of injury. Swimmers must be encouraged to take part non-competitively to avoid collision, illness or injury caused by excessive speed. The location of a third medical station should be determined in a guideline sheet or plan in order to provide a general medical service. The communication system should establish a communication code number and determine the communication quality in advance. The first aid system needs to include a command center with links to the fire-fighting service.
Conclusion
Multiple interacting variables make the medical requirements of an MG event very difficult to plan. However, establishing the variables that must be considered at all events can make this planning process smoother and more effective. Besides understanding the variables, event medical organizers need to establish some universal planning guidelines 13 . The variables that contribute significantly to the requirements for MGMC include weather and environmental factors, event type and duration, attendance and crowd density, and age. Event type is one of the most important variables that an event planner must consider. Different event types have their own unique issues that must be addressed.
The research reported here has focused on the development of an emergency system according to the ■ ■ prediction of PPRs and TTHRs at an MG event, such as the Sun-Moon Lake long-distance swimming festival, that takes into account several of the important factors influencing medical requirements. Variations in patient presentations that are influenced by environmental factors should be predicted prior to the event to minimize unexpected events or the lack of required resources. This prediction method can be applied to different venues and types of event using standard definitions of the significant environmental features of the event and venue. Some specific events are characterized by extraordinarily high or low PPRs that fall outside the normal range. The important issue for emergency doctors and activity organizers or sponsors is how to protect the individuals attending an event and improve the rescue and treatment abilities of personnel should accidents occur. The ability to quickly transport injured or ill parties to hospital and to maintain the patient's safety and well-being is paramount. The predictive modeling discussed in this study remains a useful tool for a unique event. Examination of the data from the Sun-Moon Lake festival in previous years can be used to determine the types of injuries, where they occur, their causes, etc. This allows organizers to change, minimize or remove the negative environmental factors, such as heat and humidity to benefit the health and safety of patients and to improve the available medical services. Epidemiologic investigations of the PPR at MGs have provided the foundation for the provision of appropriate and personalized health care services at these events. Nevertheless, research into this topic is still inadequate to support the on-site physician's decisions about the level and extent of health care services at large public events, and this remains an area in need of further research. Any resolutions derived remains to be tested at future MG events. In future, with the capability of predicting patient presentation provision, the selection of adapted medical facilities and even the sharing of databases with local medical systems or facilities will allow first aid workers or emergency physicians to improve the outcome of patients at the MG events.
